Evolutionary studies on optimal decisions or conservation guidelines are often derived by generalising patterns from a single population, while inter-population variability in life-history traits is seldom considered. We investigated here how survival and recruitment probabilities changed with age at different geographical scales using the encounter histories of 5523 European storm petrels from three Mediterranean colonies, and also how our estimates of these parameters might be expected to affect population growth rates using population matrix models. We recorded similar patterns among colonies, but also important biological differences. Local survival, recruitment and breeding success increased with age at all colonies; the most distant of three colonies (Marettimo Is.) showed the largest differences. Strikingly, differences in recruitment were also found between two adjacent colonies (two caves from Benidorm Is.). Birds marked as adults from Marettimo and Benidorm colonies had a different survival, whereas we found no differences within Benidorm. Differences in survival were no longer apparent between the two islands at the end of the study following a reduction in predation by specialist gulls at Benidorm. Since birds marked as fledglings mostly recruited near the end of the study, their overall survival was high and in turn similar among colonies. Results from our population matrix models suggested that different age-dependent patterns of demographic parameters can lead to similar population growth rates. Variability appeared to be greater for recruitment and the most sensitive parameter was adult survival. Thus conservation actions targeting this vulnerable species should focus on factors influencing adult survival. Differences in survival and recruitment among colonies could reflect the spatial heterogeneity in mortality due to predation and colony-specific density dependent processes. Results highlight the importance of taking into account the potential spatio-temporal heterogeneity among populations in vital rates, even in those traits that life-history theory considers less important in driving population dynamics.
In long-lived animals survival, accession to reproduction (recruitment) and breeding success are typically age-dependent (Newton 1989, Forslund and Pärt 1995) . The agedependent pattern determines the shape of the reproductive value function, i.e. the expected contribution to future generations from individuals of a given age, which ultimately drives optimal decisions on reproductive tactics (McNamara and Houston 1996) . Moreover, the value and the shape of this function determine the expected population growth rate (Morris and Doak 2002) . Consequently, age-related differences in demographic parameters should have important consequences for population persistence at a local as well as metapopulation level (Hanski and Gilpin 1997 , Frederiksen et al. 2005 , Tavecchia et al. 2005 . In long-lived species the population growth rate is highly sensitive to changes in adult survival (Saether and Bakke 2000) but because natural selection tends to reduce the temporal variability in this parameter, population dynamics are driven mainly by changes in recruitment processes and/or fertility (Gaillard et al. 2000 , Tavecchia et al. 2001 , Morris and Doak 2002 , Weimerskirch 2002 , Oro et al. 2004a .
In addition to this life-history framework, constraints imposed by spatial variation in food resources, habitat availability or predator densities can generate differences in demographic rates at multiple geographical scales across populations of the same species (Levin 1981 , Rodd and Reznick 1997 , Ferrer et al. 2004 , Tavecchia et al. 2008 or even within populations due for instance to despotic distributions (Oro 2008 ). An example of these phenomena is the large variation in survival, breeding success and population dynamics of nine populations of the blacklegged kittiwake Rissa tridactyla across their geographical range (Frederiksen et al. 2005) . Age of maturity, sex ratio, mortality rates and fecundity varied also among populations of guppies Poecilia reticulata according to predator pressure in each population (Reznick et al. 1990, Rodd and Reznick 1997) , while the population structure in three groups of Soay sheep Ovis aries living in different parts of the same island was distinct, reflecting differences in survival, recruitment and dispersal rates (Coulson et al. 1999) . Results obtained from a single population can neither be taken as characteristic of the species nor exported to other populations without caution (Frederiksen et al. 2005 , Breton et al. 2006 . Further, comparative studies of interpopulation variation in demographic parameters are necessary to improve our understanding of evolution of life histories, population functioning and finally the scale at which management actions can be effective, especially for those species whose abundance is notoriously difficult to monitor and where long-term trends remain generally undetected (Oro and Pradel 2000 , Frederiksen and Bregnballe 2001 , Cam et al. 2005 , Frederiksen et al. 2005 , Tavecchia et al. 2008 .
The aim of this study was to assess the effects of age and site (colony) on probabilities of survival, recruitment and breeding success probabilities using data from the European storm petrel Hydrobates pelagicus. We investigated the potential influence of spatial heterogeneity on demographic parameters by contrasting results from three colonies in the Mediterranean basin at two geographical scales: small (ca 0.15 km) and large (ca 1000 km). Estimates from these parameters were subsequently incorporated into an agestructured population model to evaluate if differences in demographic parameters among colonies may generate significant differences in the expected population growth rate.
Methods

Data collection
The European storm petrel is one of the smallest long-lived seabirds of the Order Procellariiformes (average body mass, 28 g, Warham 1990 ). Storm petrels lay a single egg in natural borrows, under boulders or in crevices. The egg is incubated by both males and females for ca 40 d (Warham 1990) . There is no particular concern for the status of the species worldwide, but the Mediterranean subspecies, H. p. melitensis, is considered vulnerable due to its decline caused by predation from human introduced species (Martin et al. 2000) . Here we used long-term individual data collected at three colonies in the Mediterranean basin ( Fig. 1) : one located on the island of Marettimo (Egadi archipelago, Italy, 37858?N, 12803?E); and two on the island of Benidorm (southern Spain, 38830?N, 0808?E) . The Marettimo colony is ca 1060 km east of Benidorm while the two colonies at Benidorm are ca 150 m apart. Individuals were captured on their nest during incubation or during the chick rearing period and marked with a stainless steel ring with a unique alpha-numeric code. Fledglings born in monitored nests were marked 20Á50 d after hatching.
Data collection at Marettimo Island
Marking and recapture of birds at Marettimo Island was carried out from 1991Á2006. Birds marked at Marettimo were divided into two groups, those ringed as fledglings (FM, for fledgling Marettimo, n 02453) and those marked as adults (AM, for adult Marettimo, n 01228). The colony was visited once per year except in 1994 when it was monitored twice and in 1995, when it was not visited. In 1997 the colony was visited late in the season when most of the adults had already left. These discrepancies are important as they influence what can be estimated from our data. Hence, for example, survival in 1994 and 1995, are not separately estimable due to the absence of recaptures in 1995.
Data collection at Benidorm Island
At Benidorm Island, data were collected during the period 1993Á2006 at two breeding colonies, cave 1 and cave 2. The two colonies are not equivalent. Cave 1 hosts ca 200 breeding pairs, nearly twice the size of cave 2, and is thought to have a higher predation pressure by the yellow-legged-gull Larus michahellis (Oro et al. 2005) . Moreover, in 1996, a small number of artificial nest-boxes were installed inside both colonies but they were disproportionally occupied in cave 2 (de León and Mínguez 2003) . As in Marettimo, birds marked at Benidorm from 1993 to 2006 were divided into two groups, those ringed as fledglings in cave 1 (FB1, for fledgling of Benidorm at cave 1, n 0649) and in cave 2 (FB2, n 0332); and those, of unknown age, marked as adults in both colonies (AB1, n 0593 and AB2, n 0268, for adult of Benidorm in cave 1 and 2, respectively). With the exception of one case (discarded in the present analysis), adults caught in one colony were never observed in the other. We recorded only three cases of natal dispersal, fledglings marked in one cave and found breeding in the other. These birds were assigned to the colony where they recruited. Due to difficulties associated with accessing Marettimo, breeding outcomes were only recorded at Benidorm Island and these were acquired by inspecting nests during the hatching and fledging breeding periods. Nests in which the egg did not hatch or in which individuals failed to rear their chick were considered unsuccessful (see details in Sanz-Aguilar et al. 2008) . Finally, thirty-seven breeding adults and ninety-two fledglings were sexed by DNA technique (see details in Griffiths et al. 1998 ).
Statistical analysis
Capture-mark-recapture analysis Local survival (survival confounded by permanent immigration out of the study areas) and recapture probabilities from birds marked at the three study sites were assessed by captureÁmarkÁrecapture analyses (Lebreton et al. 1992 , Amstrup et al. 2005 . We performed two separate analyses, one for birds marked as fledglings and a second for birds marked as adults. Although captureÁmarkÁrecapture models can be used to analyze recruitment and population growth rate (Hilton and Miller 2003) , the small sample size on birds marked as fledglings precluded such analysis, and recruitment was analyzed separately (see below).
Goodness-of-fit: captureÁrecapture analyses typically begin with a goodness-of-fit of a model assuming full time variation for all parameters (the Cormark-Jolly-Seber (CJS) model, Lebreton et al. 1992) . The goodness-of-fit test is based on specific contingency tables for each recapture occasion which can be calculated using program U-CARE 2.2.2 (Choquet et al. 2005) . The program includes a specific test for transience (Test 3.SR) which assesses whether survival soon after marking is different from survival thereafter, and for trap-dependence (Test 2.CT) which tests whether recapture probability at time i depends on the past capture history (see more details in Supplementary material Appendix 1). With the exception of group AB2, we found a significant transient effect in all groups (Supplementary material Appendix 1). In birds marked as fledglings, a transient effect represents a lower local survival of youngest birds while in birds marked as breeders transience may reflect colony abandonment (birds leaving the study area), low survival in response to the capture, and/ or a survival cost of first reproduction (Pradel et al. 1997 , Sanz-Aguilar et al. 2008 . To appropriately account for transience in our data, we modified our starting CJS model to include an effect of age for all groups except AB2. Remaining heterogeneity was accounted for by scaling model deviances using a variance inflation factor,ĉ :ĉ 0 1.45 for birds marked as fledglings andĉ01.26 for birds marked as adults (Supplementary material Appendix 1).
Model selection procedure: model selection was based on the Akaike's information criterion adjusted for small sample size (c) and overdispersion (Q) calculated as
where dev is model deviance;ĉ is the variance inflation factor; and np the number of separately identifiable parameters in the model (Burnham and Anderson 2002) . Models were built and fit to the data using program M-SURGE (Choquet et al. 2004 (Choquet et al. , 2006 . Additionally for each model i, we calculated the Akaike weights, w i , as an index of its relative plausibility (Burnham and Anderson 2002) . Estimates of survival and recapture probabilities were obtained by model averaging in which each model contributed to the final estimate according to its Akaike weight (Burnham and Anderson 2002) . Evidence ratios were calculated to measure the magnitude of the difference between model-i and model-j as w i /w j . Analysis of birds marked as fledglings: despite the high number of petrels marked as fledglings (n 03434), B8% were later recaptured as breeders (7 and 6% at Marettimo and Benidorm, respectively). For this reason we built models without the effect of time on survival and recapture parameters, with the exception of the model to assess the goodness-of-fit. Recapture probability in 1995 and 1997 at Marettimo was fixed to ''0''. In addition, we set survival of ages 1 and 2 from birds at Marettimo equal given the low number of birds that recruited before age 3. At Benidorm recapture parameters for age 1 and 2 were fixed to 0 since no birds were caught recruiting before 3 yr old; consequently only the product of survival from age 1 to 3 was estimable from our analysis of the Benidorm fledgling dataset. Survival of birds aged from 3 to 15 at Marettimo and from 4 to 13 in caves 1 and 2 at Benidorm were combined in a single age class for each colony. We began by modelling the effect of age on recapture probability and then we modelled the effect of the colony on survival. For recapture probability we considered up to 6 age classes (from 1 to 5 yr old, older birds grouped together); additional classes did not improve model fit (results not shown). As we had not a priori biological information or hypotheses about the age-dependent patterns of recruitment (i.e. the age-dependent capture probability) and several models with different recapture structures were tied in terms of QAICc (Results), we tested models including all the structures of recapture and survival tied; finally we calculated averaged parameter estimates of such models.
Analysis of birds marked as adults: the analysis of birds marked as adults followed the same procedure of the one of birds marked as fledgling. The high number of petrels marked as adults, and their high recapture probabilities allowed an extensive modelling of the effects considered without additional assumptions.
Recruitment probabilities
The observed number of birds that recruited at different ages to their natal colonies ( Fig. 2 ) cannot be taken as an estimate of the age-dependent recruitment because a certain number of birds may breed undetected. Clobert et al. (1994) proposed a method that makes use of the agedependent capture probability, p j , to estimate the recruitment probabilities, B j , at age j. Assuming that full recruitment is attained at age k and birds of this age do not skip reproduction, B j can be estimated as the ratio p j /p k . Variance of B j can be calculated using the d-method (Morgan 2000) . Although the method is not reliable for long-lived species that breed intermittently (Clobert et al. 1994) , recent evidence indicated that reproductive skipping in the European storm petrel is rare (Sanz-Aguilar et al. 2008) .
Breeding success and sex ratio at fledgling
We applied generalized linear mixed models (McCulloch and Searle 2001) to examine the effect of breeding colony and age on breeding success using data from 60 breeding adults marked as fledglings collected at Benidorm. Breeding success was modelled as a binary variable (1 0successful, 0 0unsuccessful) using a logit-link function with binomial error distribution and the glmmML function available in the open source software R /<www.R-project.org/>. Individual identity was treated as a random effect to correct for the multiple entries from the same birds and age (5 classes, for birds aged 3, 4, 5, 6, and older) and breeding colony as fixed effects. Model selection followed the same procedure and criteria as in captureÁmarkÁrecapture analyses (see above). In addition, using data from 92 molecularly sexed fledglings born in 2005 at Benidorm, sex ratio was obtained as the mean and 95% credible intervals of the posterior distribution of the parameter (i.e. female proportion) calculated by means of Markov Chain Monte Carlo simulations using the Bayesian software WinBUGS 14, after running 100 000 iterations. Since we had no prior information on the study system regarding sex ratio we modelled the marginal distribution of the parameter by means of a uniform distribution [0, 1].
Population matrix modelling
We combined model averaged estimates of survival, recruitment and breeding success from the analyses of birds ringed as fledglings into a demographic matrix model to calculate a colony specific growth rates, l (Caswell 2001 high natal philopatry was also observed at Marettimo, where most birds recruited in the same area of the cave where they hatched (Valvo and Massa 2000) . Data from Benidorm suggested that males are more philopatric than females (67% of birds recaptured as breeders were males, /x 2 1 04.568, p 00.03). Part of this difference may be due to the fact that the sex ratio at fledgling was male biased. Indeed, when the proportion of philopatric birds was related to sex ratio at fledging (see below) we did not find significant differences in philopatry between sexes (/x 2 1 0 2.099, p00.15). There was a marked difference in the earliest observed age of first breeding between the three colonies ( Fig. 2) : the earliest detected age of first reproduction at Benidorm Island was 3 while in Marettimo 2.7 (6/2264) of the petrels came back to breed at age 1.
We began the captureÁrecapture analyses by modelling recapture probabilities at Marettimo (models 1F to 6F; Table  1 ). Including the effect of age in recapture probability reduced substantially the QAICc values (models 2F to 6F; Table 1) . A model in which recapture parameters varied as a function of age until age 5 (model 5F; Table 1) presented the lowest QAICc. From such model we selected the structure of recapture probabilities for Marettimo to modelling recapture probabilities at both Benidorm colonies, although model 5F was tied in terms of QAICc with models 3F, 4F and 6F (Table 1) . For the data from cave 1, the model that presented the lowest QAICc was model 7F (Table 1) , in which recapture parameters varied as a function of age until age 4. This model was selected to modelling recapture probabilities at cave 2, although the model was tied with models 8F and 9F (Table 1) in terms of QAICc. Model 7F (3 age classes) was also the best model in terms of QAICc for the data from cave 2 (Table 1) but again other models (models 10F, 11F and 12F; Table 1) were supported.
For survival, Akaike weights marginally supported a model in which survival differed across colonies at Benidorm Island but cave 2 was similar to the estimate from Marettimo (model 14F; Table 1 ). Overall, models 7F, 13F, and 15F were also supported. At this point, in order to take into account uncertainty in model selection, we built new models including different combinations of the structures of recapture and survival probabilities that were previously supported (models 16F to 27F; Table 1 ). Note that models with other possible combinations of recapture and survival structures were not retained (Akaike weights B0.1, results not shown). Model 14F (Table 1) was the best in terms of Table 1 . Modelling local survival and recapture probabilities based on captureÁrecapture data from birds marked as fledglings at three colonies (caves 1 and 2 at Benidorm Island, Spain, noted B1 and B2, and one colony at Marettimo, Italy, denoted M). Notation: np, number of parameters in the model; dev0deviance; QAICc0Akaike's information criterion adjusted for small sample size (c) and overdispersion (Q);^QAICc0the difference in QAICc between the current and the model with the lowest QAICc; w0Akaike weigths, ''t''0time effect, ''a''0age effect. Age structure is summarized in parentheses: the notation i:j means that the structure assumed a single parameter from age i to age j, while the notation i_j indicates that there is a parameter from each age class from i to j. For example, the notation ''a(1:2,3_15)'' indicates two specific parameters, one for birds aged 1 and 2 yr old and a second for birds older than 2. Note that recapture probability of birds aged 1 and 2 was fixed to 0 at Benidorm colonies as no birds came back to breed before age 3. Colony specific parameters are separated by the symbol ''/''. Symbol ''/'/'' indicates parallel variation among colonies and models without this notation include colony interaction terms. Symbol '' 0'' indicates equality among groups (i.e. colonies). The best model (highest QAICc weight) is shown in bold text. The observed number of petrels that returned to the colonies (i.e. without correcting for recapture probabilities) is shown in Fig. 2a . This pattern was in agreement to the model averaged estimates of recapture probability, which we used to estimate recruitment probabilities: although petrels in Benidorm Island started to breed at older ages than in Marettimo, the analysis indicated that the full recruitment was reached earlier ( Fig. 2b ; Supplementary material Appendix 2, Table S2 ).
Model
Analysis of birds marked as adults
We started the analysis by modelling recapture probabilities (model 1A; Table 2 ). Following previous analysis of these data (Tavecchia et al. 2008) we used a linear trend to model recapture probabilities from cave 2 (Benidorm); annual variation was fitted to Marettimo and in cave 1 (model 2A; Table 2 ). Models without time effects in recapture probabilities were strongly rejected (^QAICc 10, results not shown). It is likely that the linear increase of the recapture probabilities in cave 2 was due to the progressive occupancy of artificial nest boxes that did not occur in cave 1 (Tavecchia et al. 2008 ; Fig. 3a) . At Marettimo and in cave 1 from Benidorm recapture probabilities varied annually, probably due to differences in field effort invested in capture (Fig. 3a) .
Survival was modelled by contrasting models in which survival probability varied over time (models 1AÁ6A; Table  2 ), in parallel among colonies, i.e. no interaction between colonies and time (models 7AÁ9A; Table 2), and was constant over time and/or colonies (models 10A and 11A; Table 2 ). Akaike weights showed that models without the interaction term between time and colony were more plausible (models 7AÁ9A; Table 2 ). We then tested for the effect of colony on survival of both newly marked birds (models 3A, 6A and 8AÁ11A; Table 2 ) and resident birds, at large (i.e. Benidorm vs Marettimo, models 4A and 10A; Table 2 ) and small scales (i.e. cave 1 vs cave 2 at Benidorm, models 5AÁ8A and 10A; Table 2 ). A model with a parallel variation over time in survival probabilities between newly marked birds and residents, no differences between newly marked birds at Benidorm and Marettimo and no differences between residents in caves 1 and 2 from Benidorm (model 8A; Table 2 ) was retained as the most plausible model (w00.58). Evidence ratios showed that this model was tied with model 7A, which included differences in survival probabilities between newly marked birds at Marettimo and Benidorm, and model 9A which included differences in survival probabilities between residents at all colonies (Table 2) . Model averaged estimates showed that local survival for newly marked birds at Marettimo and Benidorm was similar (Fig. 3b) and resident survival probability was higher at Marettimo than at Benidorm, where survival were similar between caves (Fig. 3c) . Models without a colony effect (model 10A; Table 2 ) or an effect of time (model 11A; Table 2 ) on survival were not retained.
Breeding success and sex ratio at fledging in Benidorm Island
The effects of age and colony on breeding success were modelled from the breeding output of birds marked as fledglings (models 1Á14; Table 3a ). The highest Akaike weight was from a model in which the breeding success varied in parallel between colonies as a function of age until age 4 (model 4; Table 3a ). Nevertheless, evidence ratios showed that this model was only 1.14 times more likely than a model without a colony effect (model 3; Table 3a ) and tied for the best model status with all other models with the exception of models 11 and 14 (Table 3a) . The average (and SE) breeding success was 0.53 (0.05) (model 1; Table  3a ), 0.50(0.06) and 0.57(0.07) in caves 1 and 2 respectively (model 2; Table 3a ). Model averaged estimates from GLM mixed models (models 1Á14; Table 3a, b) indicated that birds B4 yr old had a lower breeding success than older birds (Table 3b ). The breeding success of birds aged 4, 5 and older was very similar (Table 3b) .
Results from sex ratio Bayesian analysis showed that the proportion of males was 0.56 (95% credible interval 0.46Á 0.66) and that the sex ratio of fledglings was slightly male Table 2 . Modelling local survival and recapture probabilities based on captureÁrecapture data from birds marked as adults at three colonies (caves 1 and 2 at Benidorm Island, Spain, noted B1 and B2, and one colony at Marettimo, Italy, denoted M. Notation as in Table 1 . In addition superscript ''tr'' and ''res'' indicate parameters for newly marked birds and resident respectively. A linear trend in time was noted ''T''. Models with the higher w are in bold. biased (the posterior probability of the proportion of males being larger than 0.5 was 0.90).
Population matrix modelling
Projections from population models indicated contrasting trends among the colonies, although the differences between the long-term deterministic growth rates were not statistically significant due to the large 95% confidence intervals (mean (and SE): 0.89 (0.05), 0.98 (0.03), 0.97 (0.04) for cave 1, cave 2 and Marettimo, respectively). Surprisingly, the different combinations of recruitment, survival and breeding success estimates from the three colonies led to similar population growth rates (respecting confidence intervals). Estimates for Marettimo and cave 2 were not statistically different from a stable population, i.e. l 01 (p00.45 and p 051, respectively). Parameter estimates from cave 1 were not high enough to reach stability (p 00.03). The population growth rate at all colonies showed the greatest sensitivity to changes in adult survival (Supplementary material Appendix 2, Table S2 ). The highest sensitivity was to survival of birds aged 5 yr (sensitivity 00.69, 0.85 and 0.80 for Marettimo, cave 1 and cave 2 respectively). As predicted from life-history theory, sensitivity to juvenile survival and fertility was low in all colonies. As data on breeding success for Marettimo colony was not available and in order to avoid parameter borrowing from cave 2, we performed a new matrix model (results not shown) in which breeding success at Marettimo for birds aged 1 and 2 was fixed to 0 and breeding success for older birds was fixed to 0.3 (a value in the low boundaries for this species in absence of perturbations caused by high predation). The lambda value obtained under this scenario was 0.933 (SE 00.035). As sensitivities for fertility were small, results did not change substantially. Estimated population growth rate was not different from a stable population (p 00.056).
Discussion
Provided herein are the first age-dependent estimates of survival, recruitment and breeding success for the vulnerable European storm petrel from three colonies in the Mediterranean basin. Robust estimates of demographic parameters are necessary for a conservation diagnosis of threatened species or populations and to provide guidelines for management actions (Morris and Doak 2002) . In addition, the hypogeous nesting habit of the species makes it difficult to obtain reliable estimates of population size and population dynamics can only be approached by means of individual-based demographic data (Oro et al. 2004b) . Our results showed important similarities between colonies, but also differences in recruitment processes and survival probabilities. As expected, the analyses of birds marked as fledglings indicated that survival, recruitment and breeding success probabilities increased with age. In agreement with the general findings on long-lived birds, youngest individuals had a low breeding success and showed a low local survival (Forslund and Pärt 1995 , Tavecchia et al. 2001 , Breton et al. 2006 ). At present, we do not know if the low survival by the youngest birds resulted from natal dispersal or mortality, since captureÁrecapture models do not distinguish these two possibilities without additional information, e.g. recoveries of dead birds (Lebreton et al 1992 , Breton et al. 2006 . Accession to reproduction (recruitment) varied among colonies: in Marettimo birds began to reproduce earlier than in the other two colonies but the full recruitment was attained later. We do not have an explanation for these differences: a first cause may be a difference in predatory pressure among the colonies which may have delayed accession to reproduction in young inexperienced prospectors (Rodd and Reznick 1997, Oro et al. 2005) . This would explain why in the colony where predation by yellow-legged- (Table 2) . gulls was high individuals tended to recruit later, but it would not explain why in this colony the full recruitment was attained faster than Marettimo, where predation was thought to be very low. A further possible cause is that suitable breeding sites may not be equally available due to differences in density-dependence at each colony (Frederiksen et al. 2005 , Tavecchia et al. 2008 affected by the existence of artificial nest-boxes at Benidorm. A third possible, nonexclusive explanation is that food resources are more abundant around Marettimo leading to improved body conditions relative to Benidorm and earlier recruitment, but at the moment we have no data to support this hypothesis.
Birds marked as fledglings (older than 2 yr at Marettimo and 3 at Benidorm) clearly had a higher average survival probability than birds marked as adults. This reflects the yearly variation in survival and the temporal window of the analysis. Data from birds marked as fledglings came mainly from the last 4Á6 yr of the study when the probability of survival was higher (Fig. 3) , especially at Benidorm Island where in those years a selective culling program on yellowlegged-gulls was carried out to reduce predation pressure (Sanz et al. 2005 , Sanz-Aguilar et al. 2009 ). Survival probabilities of birds marked as adults varied over time (not assessed in analysis of birds marked as fledglings) and among colonies, the exception being the survival of birds in caves 1 and 2 at Benidorm (narrow spatial scale), which appeared to be similar in all years. However differences between Marettimo and Benidorm (broad spatial scale) seemed to disappear near the end of the study when survival was similar among colonies (Fig. 3) . These and published results (Oro et al. 2005 , Tavecchia et al. 2008 , Sanz-Aguilar et al. 2009 ) suggest that predation by yellow-legged-gulls may be the principal factor influencing differences in survival among colonies in this long-lived species. Other factors such as climatic conditions or food availability around the colonies or in the wintering grounds could generate differential additive mortality between the Italian and the Spanish colonies (Frederiksen et al. 2005 ).
Population models suggested that different age-dependent patterns of demographic parameters can lead to similar population growth rates. This is the case, for example, between the colony of Marettimo (where birds attained full recruitment the latest but started to reproduce the earliest) and cave 2 at Benidorm (where birds recruited later but experienced a slightly higher local survival). In both cases, long-term model projections indicated a stable population, whereas the model from cave 1 at Benidorm (where predation was higher and the buffering mechanisms limited, Ferrer et al. 2004 , Grimm et al. 2005 ) indicated a declining trend. The difference in population growth rates was mainly caused by adult survival rather than by patterns of recruitment, to which population growth rate had a lower sensitivity. And as reflected in this result, the most sensitive parameter in terms of population growth rate was adult survival, in accordance with evidence on other studies from long-lived organisms (Saether and Bakke 2000) . Table 3 . a) Modelling age-and colony-dependent variation in the breeding success at caves 1 and 2 at Benidorm Island, Spain, noted B1 and B2. Notation as in Table 1 . Note that 3 yr old was the earliest age of first reproduction at Benidorm colonies. Model with the higher w is in bold. b) Age-dependent breeding success estimates and standard error of European storm petrel marked as fledglings and subsequently breeding at Benidorm Island obtained though model averaging. The greater variability was also found in the parameter that less influences average individual fitness: the highest population growth rates were found at the colonies with the highest survival even though they had different recruitment patterns. Our population matrix models were built using data from birds marked as fledglings that recruited at the end of the study when survival was generally high, at least at Benidorm, because the predation by the yellow-legged-gull was experimentally reduced (Sanz-Aguilar et al. 2009 ). In this respect our model describes an optimistic scenario as average value of survival before the experiment was probably lower. It may be possible that under high predation pressure of the yellow-legged-gull, storm petrel populations are likely to go extinct in the long term due to reduction in adult survival probabilities. In fact, results indicate a declining trend in the cave 1 population, although this decline might be buffered by immigration, which was not considered in the model, or by management actions designed to enhance petrel's adult survival, like the periodic removal of specialist gulls (Oro et al. 2005 , Sanz et al. 2005 , Sanz-Aguilar et al. 2009 ). Further studies should focus on environmental predictors (e.g. predation pressure, food and nest-site availability) of demographical traits and immigration-emigration mechanisms at metapopulation scale to be able to set up conservation actions at large geographical scales (Breton et al. 2006) .
